Introduction
Monoclonal gammopathy with undetermined significance (MGUS) is a premalignant condition that can progress to multiple myeloma, Waldenstrom macroglobulinemia, amyloid light-chain amyloidosis, or other lymphoproliferative disorder. A monoclonal spike (Mprotein) on serum protein electrophoresis is known to be the most important follow-up tool for MGUS, which is usually followed up regularly by a hematologist to monitor disease progression [1] . We report a case of progression to multiple myeloma from MGUS diagnosed by kidney biopsy in a 62-year-old female patient who presented with aggravation of azotemia and proteinuria without elevation of serum M-protein.
Case Description
A 62-year-old woman with no significant medical history was diagnosed with MGUS on a regular check-up in October 2009. She was followed up with laboratory tests focusing on her MGUS status, including serum and 24-hour urine simple protein electrophoresis, serum free light chains, and serum IgG, IgA, and IgM every 6 months by a hematologist at Samsung Medical Center.
Two years later, her serum creatinine was elevated from the baseline creatinine level of 1.14 to 1.43 mg/dl with aggravation of proteinuria. Her serum M-protein level increased to 0.31 g/dl, compared with 0.21 g/dl measured 6 months previously. The ratio of serum κ free light chains (FLC) to λ FLC rose to 22.14 from 12.62, accompanied by elevation of κ FLC up to 320.7 mg/l from 191.01 mg/l. The patient was sent to the nephrology division as she had acute kidney injury (AKI). The spot urine protein-to-creatinine ratio was 1.22 mg/mg, and the albumin-to-creatinine ratio was 201.85 μg/mg. A kidney biopsy was performed to evaluate the cause of the AKI and tubular proteinuria. The kidney biopsy result showed acute tubular damage with mild atrophic features and interstitial fibrosis and mild mononuclear infiltration. Her nephrologist then began regular follow-up laboratory tests with her every 3 months, including estimated glomerular filtration rate and the spot urine albumin-tocreatinine and protein-to-creatinine ratios. Her renal function and degree of proteinuria maintained at about 1.3 mg/dl of serum creatinine and 1.3 mg/mg of spot urine protein-tocreatinine ratio.
Two years later (in July 2013), the level of serum creatinine rose to 1.68 mg/dl, and the spot urine protein-to-creatinine ratio was 1.34 mg/mg. After 2 more months, her serum creatinine level rose again to 1.78 mg/dl, the spot urine protein-to-creatinine ratio rose to 1.66 mg/mg, and the spot urine albumin-to-creatinine ratio was 269.21 μg/mg. The amount of serum M-protein decreased to 0.27 g/dl from 0.30 g/dl measured 6 months previously. However, the serum κ/λ FLC ratio was elevated from 27.1 to 39.84 caused by elevation of serum κ FLC level to 586.47 mg/l. No other symptoms or signs, such as hypercalcemia, bone pain, or anemia, suggested progression to multiple myeloma. A second kidney biopsy was performed, and the light microscopy result showed minimal tubular atrophy and acute tubular damage accompanied by minimal interstitial fibrosis and mild mononuclear infiltration. However, the electron microscope examination revealed that some tubular epithelial cells and podocytes were filled with electron-dense intracytoplasmic inclusions, which were also found in the urinary space ( fig. 1 ). That result suggested Bence-Jones crystalline nephropathy associated with plasma cell dyscrasia. Therefore, the patient received a thorough hematologic workup even though the level of M-protein had not increased.
A bone marrow biopsy showed normocellular marrow with proliferation of monoclonal plasma cells, suggesting the progression of MGUS to plasma cell myeloma (IgG, κ). A skeletal X-ray survey found compression fractures in the T8 and T9 vertebral bodies. A subsequent spine MRI revealed a focal hypointense lesion in the right articular process of the T5 and T7 vertebral bodies involved by multiple myeloma. Finally, she was diagnosed with multiple myeloma involving kidney and bone. She then began chemotherapy with a regimen of melphalan/dexamethasone weekly to treat the multiple myeloma. After 4 cycles of chemotherapy over 5 months, complete remission was achieved. The serum creatinine level decreased to 1.33 mg/dl, and the spot urine protein-to-creatinine ratio also decreased to 0.27 mg/mg ( fig. 2 ). No abnormal band was observed on immunofixation tests of serum or spot urine. After 8 cycles of chemotherapy, serum creatinine was normalized to the level of 1.05 mg/dl, and spot urine protein-to-creatinine ratio decreased to 0.22 mg/mg.
Discussion
We report the case of a 62-year-old female patient diagnosed by kidney biopsy with multiple myeloma progression from MGUS without significant changes in M-protein. Because of aggravation of azotemia without M-protein changes, she was sent from the hematology division to the nephrology division 2 years after her first diagnosis with MGUS. Then, through monitoring of renal function and proteinuria, a kidney biopsy was performed in time, and chemotherapy for multiple myeloma was initiated. This case presentation is meaningful for early detection of multiple myeloma progression in an MGUS patient with renal involvement by monitoring kidney function and proteinuria using a multidisciplinary medical approach combining hematology and nephrology.
Multiple myeloma is a plasma cell neoplasm characterized by myeloma-related end organ damage caused by an overproduction of monoclonal immunoglobulin, and is almost always preceded by an asymptomatic premalignant stage termed MGUS [2, 3] . MGUS is defined by the presence of serum M-protein (<3 g/dl), the clonal plasma cell population in the bone marrow (<10%), and the absence of end-organ damage such as hypercalcemia, renal insufficiency, anemia, and lytic bone lesions [4] . The risk for progression of MGUS to multiple myeloma or other plasma cell dyscrasias is approximately 1% per year [5] . The 2010 International Myeloma Working Group (IMWG) guidelines suggest follow-ups on the basis of the risk stratification model for progression of MGUS made by Rajkumar et al. [6] . Patients with low-risk MGUS (M-protein <15 g/l, IgG, and a normal free light chain) should be followed up with serum protein electrophoresis for 6 months, and if stable can be followed up every 2-3 years or when symptoms suggest that end-organ damage has developed. Intermediate or high-risk patients should be followed up with serum protein electrophoresis and a complete blood cell count for 6 months and yearly thereafter [4] . A bone marrow biopsy and skeletal survey are always indicated in patients with MGUS with unexplained anemia, renal insufficiency, hypercalcemia, skeletal lesion, or an increase in M-protein of >25%. Because multiple myeloma remains an incurable disease with serious myeloma-related complications such as pathologic fractures or renal failure, close monitoring has been recommended for MGUS patients to detect malignant transformation before the onset of serious complications [7] . Early detection of kidney diseases involved with monoclonal protein is important because rapid intervention targeting the overproduction of monoclonal immunoglobulins is the best way to preserve and restore kidney function [8] .
In this case, when azotemia and tubular proteinuria were aggravated without elevation of serum or urine M-protein or other organ damage, a kidney biopsy was performed for differential diagnosis [9] . The first kidney biopsy revealed minor changes in the tubules and glomeruli. It found no evidence of specific kidney injury associated with monoclonal gamma globulin deposits, but to monitor her kidney function and proteinuria, she was followed up by both a nephrologist and a hematologist every 3 and 6 months, respectively. Two years after her first kidney biopsy, the serum creatinine level and protein-to-creatinine ratio in spot urine were elevated without significant changes in M-protein. The second kidney biopsy revealed intratubular and glomerular inclusions associated with plasma cell dysplasia in the electron microscope examination, although the immunofluorescence staining for κ and λ was negative. The final pathologic diagnosis was Bence-Jones crystalline nephropathy. After the hematologic and skeletal workup, progression of MGUS to multiple myeloma involving bone and kidney was finally diagnosed. Effective chemotherapy could be started because of the early diagnosis of disease transformation.
Recently, the term monoclonal gammopathy with renal significance (MGRS) has emerged which should be distinguished from MGUS. MGRS can be defined as kidney disease caused by the deposition of monoclonal immunoglobulin secreted by a nonmalignant B-cell clone, and the hematologic disorder is generally consistent with MGUS [10, 11] . MGRSrelated kidney diseases include a wide spectrum of diseases such as amyloid light-chain amyloidosis, light chain deposition disease, immunotactoid glomerulopathy, and proliferative glomerulonephritis with monoclonal immunoglobulin deposits [8] . MGRS is associated with high morbidity, and treatment is mandatory and sometimes urgent to prevent renal functional deterioration [12] . If renal functional deterioration or proteinuria develops in patients with monoclonal gammopathy, MGRS should be suspected, and a kidney biopsy is indicated to assess the MGRS type, evaluate its severity, and check for other renal diseases [11] . Early recognition of kidney diseases involving monoclonal protein is crucial because suppression of monoclonal immunoglobulin secretion by chemotherapy often improves outcomes [13] .
In conclusion, collaborative follow-ups by both a hematologist and a nephrologist are necessary for MGUS patients with renal involvement such as proteinuria, hematuria, or renal insufficiency, not only for early detection of disease progression but also for initiation of therapy at an appropriate time. Appropriate assessment of changes in renal function or other renal signs of disease progression, including proteinuria, hematuria, glycosuria, and phosphaturia, could be carried out for accurate diagnosis of MGUS patients through followups by nephrologists. Therefore, it is important for nephrologists to determine the renal significance of M-protein and collaborate with hematologists to timely initiate effective chemotherapy.
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